Objective: This study aims to evaluate the natural history of patients with chronic lymphocytic leukemia (CLL) and a 17p deletion (17p-) and identify the predictive factors within this subgroup.
Introduction
Chronic lymphocytic leukemia (CLL), with an ageadjusted incidence of 4.8 new cases per 100,000 inhabitants per year in the US (1) and an incidence of 0.2-0.3 new cases per 100,000 inhabitants per year in Asia (2) , is characterized by a heterogeneous clinical course.
Cytogenetic abnormalities are a major determinant of outcome in patients with CLL (3), among which a 17p emphasis on therapy using alternative agents, such as alemtuzumab (9) or high-dose methylprednisolone (HDMP) (10).
In addition, the outcome of patients with a 17p-is not always dismal, and a proportion of them may remain asymptomatic for a prolonged period of time (11) , which indicates the presence of heterogeneity within the subgroup of patients with a 17p-.
Due to the low incidence, large studies of CLL patients with a 17p-are lacking, especially in the Asian population. Therefore, in the present study, taking advantage of a cohort of single-institutional cases, we attempted to describe the characteristics of patients with a 17p-CLL and the outcome of these patients through different therapeutic approaches and further identify the prognostic factors within this subgroup.
Materials and methods

Patients
A total of 456 treatment-naive CLL patients, who had been diagnosed in the Institute of Hematology and Blood Disease Hospital between March 2000 and January 2015, were included in this study. The baseline characteristics, date of initial therapy, treatment response, and long-term outcome of these patients were confirmed by a manual chart review and follow-up telephone calls. The diagnosis in each case was confirmed according to the World Health Organization (WHO) classification (12) . Evidence of persistent lymphocytosis and a compatible immunophenotype were required for the diagnosis. In all the cases, an immunophenotypic analysis was performed by flow cytometry, including at least the following markers: CD19, CD5, CD22, CD23, CD38, CD25, CD103, CD11c, FMC7, BCL2, CD10, and CD20 as well as surface immunoglobulin κ and λ. All patients provided informed consent in accordance with the requirements of the Declaration of Helsinki, and the research project was approved by the Institutional Ethics Review Board of Institute of Hematology and Blood Disease Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College. For this study, the clinical follow-up data were available until the beginning of February 2015. The therapeutic indications were standardized according to the International Workshop on Chronic Lymphocytic Leukemia (IWCLL) criteria (13) . The therapeutic regimens during the course of their disease were 
Fluorescence in situ hybridization (FISH)
FISH analysis with specific probes for conventional cytogenetic abnormalities was performed. The CLL FISH 'panel' included probes for 12 centromere (CEP12), 13q14.3 (LSI D13S25 and RB-1), 14q32 (LSI IGHC/IGHV), 17p13 (LSI TP53), and 11q22 (LSI ATM). The sample preparations and hybridizations were conducted following the manufacturer's recommendations and as previously described (14, 15) . The LSI CCND1/IGH Dual Color, Dual Fusion Translocation Probe was used to exclude the possibility of mantle cell lymphoma in the case of t (14q32) positive. All probes were purchased from Vysis (Abbott Co., Downers Grove, IL, USA). The signal screening was carried out on at least 200 cells with well delineated signals. The cut-off values (mean+3×SD) determined from samples of 20 cytogenetically normal people were as follows: 7.5% for CEP 12 and 6.5% for the deletion of D13S25, RB1, and ATM; 6.8% for 17p-and 4.5% for IgH translocation and CCND1/IGH.
Survival and statistical analysis
Time to first therapy (TTFT) was defined as the time between the date of diagnosis and the date of the initiation of the first treatment, death, or the last follow-up for patients untreated. Progression-free survival (PFS) was defined as the interval between the date of diagnosis and the date of disease progression or death from any cause. Time to progression (TTP) for patients responding to treatment was calculated from the date of therapy to the date of disease progression or death. Overall survival (OS) was measured from the date of diagnosis to the date of death or the last follow-up (censoring). Baseline characteristics and prognostic factors were compared using Chi-square or Fisher's exact tests for discrete variables, and the Mann-Whitney test was used for continuous variables. Kaplan-Meier methodology and a Log-rank test or Cox's regression were undertaken for survival analyses using the IBM SPSS Statistics (Version 19.0; IBM Corp., New York, USA). Variables that were significant on univariate analysis were further included on multivariate analysis with Cox's regression. All tests were two-sided. An effect was considered statistically significant if P<0.05.
Receiver-operator characteristic (ROC) analysis and Youden index were applied to determine the optimal cutoff point for 17p-by FISH (15) . The cut-off value that best discriminated between survival and death was used for OS, and the cut-off value that best discriminated between progression and no progression was used for PFS.
Results
Clinical characteristics of patients
The clinical characteristics of the study population are shown in Table 1 . A total of 456 patients with CLL were analyzed by FISH to detect 17p-and followed up after the diagnosis. We identified 66 (14.5%) patients with de novo 17p-. The median age was 54 years in the 17p-subgroup with a male dominance. Compared to patients without this aberration, patients with 17p-had a more advanced disease at diagnosis, as suggested by an advanced Binet stage, lower hemoglobin level, higher lactic dehydrogenase (LDH) level (≥230 IU/L), higher proportion of B symptoms and a trend towards unmutated immunoglobulin heavy-chain variable region (IGHV) gene status ( Table 1) .
Therapy
There were no protocols specific for the first-line treatment of patients with 17p-during the study period, and therapy was initiated at a median of 12.0 (range, 0.3-81.0) months after the diagnosis of CLL. Table 2 shows the response rate for the first-line therapy in 51 patients with documented treatment outcomes, and the response rate was stratified according to the clonal size of the 17p-. The most frequently used therapies were chlorambucil (25.5%), FC (25.5%), FCR (15.7%), rituximab + chemotherapy not including fludarabine (9.8%), and chemotherapy not including fludarabine (9.8%). The overall response rate (ORR) and complete response rate (CRR) in patients with 17p-were 56.9% and 17.0%, respectively, which were lower than those in patients with negative 17p-(ORR 67.9% and CRR 24.4%), but no significant difference was observed between them. Furthermore, patients with a 17p-were divided into two subgroups according to the percentage of leukemic cells carrying a 17p-as follows: a high percentage 17p-subgroup (defined as having ≥25% of cells with a 17p-) and a low percentage 17p-subgroup (defined as having <25% of cells harbouring a 17p-). There was a tendency towards an even lower response rate in patients with a high percentage of 17p-, and the TTP was significantly shorter in patients with a high percentage of 17p-compared to a low percentage 17p-(8.5 months vs. 68.0 months, P<0.001).
Patients with a partial response (PR) had a short TTP of only 15 months, which was not significantly better than that of non-responders, whereas patients with complete response (CR) had a significantly superior TTP (55.6% progression free at 4 years, P=0.023 for all comparisons, see Figure 1A ). The superiority in disease control translated to an improved survival after the initiation of therapy ( Figure  1B) as follows: patients achieving CR had favorable survival, whereas patients with no response to initial therapy had a significantly inferior outcome (median 96.0 and 26.0 months, respectively, P=0.002). For patients with PR, the median survival was 78.0 months, and the improvement was not significant compared to patients who failed to respond to the initial therapy (P=0.086).
Prognosis according to percentage of nuclei with a 17p-
The median follow-up time is 45.0 (range, 2.0-288.0) months for the cohort of patients. Of the 66 patients with a 17p-, 6 patients (9.1%) were lost to follow-up, 56 (84.8%) received chemotherapy, 44 (66.7%) had disease progression and 32 (48.5%) died. Of the 390 patients testing negative for a 17p-, 15 patients (3.8%) were lost to follow-up, 240 (61.5%) received chemotherapy, 118 (30.3%) had disease progression and 73 (18.7%) died.
The estimated median TTFT for patients positive for a 17p-was 21.0 [95% confidence interval (95% CI): 9.7-32.3] months, which is significantly shorter than that for patients without a 17p-(49.0 months, 95% CI: 39.0-59.0 months; P<0.001). There was a significant difference between the two groups regarding PFS (median PFS, 96.0 months in 17p-negative group vs. 36.0 months in 17p-positive one; P<0.001). In contrast, the 5-year OS was significantly higher in the 17p-negative group than in the 17p-positive group (81.4% vs. 57.4%; median OS, 162.0 vs. 78.0 months; P<0.001).
In the current study, the median percentage of CLL cells harboring a 17p-was 2.0% (range, 0-99.8%). The survival curves of TTFT, PFS and OS, according to the clonal size of the 17p-, are shown in Figure 2A , B, C. Of note, the percentage of involved cells at almost any cut-off point was tested. However, the ROC analysis revealed that the cut-off point of 24.25% provided the highest Youden values with regard to PFS and OS (Supplementary Figure S1) . Meanwhile, patients with 6.8%-25.0% involved cells had a similar survival as patients harboring a negative 17p-(P=0.303 as regards PFS and P=0.181 as regards OS). Therefore, we used 25% to divide the patients into the two subgroups. The median TTFT of patients with <25% and ≥25% 17p-cells was 32.0 (95% CI: 26.4-37.6) months and 10.0 (95% CI: 2.6-17.4) months, respectively (P<0.001), and the median PFS for these two subgroups was 98.0 (95% CI: 87.4-108.6) months and 27.0 (95% CI: 22.8-31.2) months, respectively (P<0.001). In addition, the median OS of patients with <25% and ≥25% 17p-cells was 162.0 (95% CI: 92.6-231.4) months and 53.0 (95% CI: 25.6-80.4) months, respectively (P<0.001). The survival curves using 25% as a cut-off value are shown in Figure 2D , E, F.
Univariate and multivariate analyses within 17p-subgroup
We further assessed the prognostic impact of some clinical and biological variables for disease progression of patients harboring a 17p-. Figure 3 shows the variables significantly associated with a shorter PFS as follows: Binet stage B-C, elevated LDH level, B symptoms, ≥25% of 17p-deleted nuclei and unmutated IGHV status. However, according to the Cox regression analysis, only the LDH concentration was identified as an independent prognostic factor (P=0.012) for PFS ( and overall survival (C, F) after CLL diagnosis were affected by 17p-clone size. P a was calculated by Log-rank test; P b was calculated by Cox regression test.
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symptoms and unmutated IGHV, which is in concordance with previously published data (4). In addition, a 17p-was significantly associated with worse survival, in terms of TTFT, PFS and OS, which could be due to the deregula- tion of the cell cycle because of the loss of gene TP53 (16) . In our single-institute cohort, a 17p-was detected by FISH in 14.5% of newly diagnosed patients. The incidence is consistent with another Chinese study (16%) (17) and studies in other countries [22.9% in Czech (18) , 18 .3% in Spain (19) ]. Regarding the optimal cut-off value of the 17p-, there have been some controversies among different studies. Döhner et al. (5) used 3% as the cut-off value, whereas in the CLL4 trial, the cut-off point was set at 20% (20) , and the final cut-off value was set at 10% because the outcome of cases with a 10%-20% loss was similar to that of patients with more than 20% deletion in the CLL4 trial (21) . According to our study, patients with ≥25% deleted nuclei were considered to be carrying 17p-, which is in line with several other studies (11, 19) .
The standard treatment regimen for "fit" patients with CLL is based on FC or FCR regimens. Chemotherapy based on fludarabine was reported by several studies to be not very efficacious in patients carrying a 17p- (20, 22) because the activity was dependent on the TP53 pathway. According to a systematic review by the CLL Trialists' Collaborative Group (CLLTCG), FC regimen could improve PFS of patients with CLL compared with regimens without purine analogues, but there was no major difference in the subgroup analysis of the presence/absence of a 17p-concerning the quantity, quality and duration of responses (23) . In general, the addition of rituximab to the FC regimen as a frontline therapy in the 17p-population is superior in terms of ORR and PFS (24, 25) . Alemtuzumab (26) or high-dose corticosteroids in combination with rituximab (R-HDMP) (27) has been suggested as frontline therapies in patients with 17p-, as a higher ORR was shown in the population following these regimens. However, the median PFS remains unsatisfactory (28) . Based on the evidence at that time of day, only allogeneic stem cell transplantation holds the prospect for better survival (29). Recently, a wide spectrum of novel drugs acting independently of TP53 have been tested, including ibrutinib [Bruton's tyrosine kinase (BTK) inhibitor] (30), idelalisib (inhibitor of phosphatidylinositol 3-kinase) (31, 32) , and ABT-199 (Bcl-2 inhibitor) (33) . Given the significant activity of those drugs, the necessity of allogenic stem cell transplantation in patients with the 17p-or TP53 mutation may be reconsidered (34) , but most guidelines still include allo-transplantation since it is the only curative treatment (35) . In our study, 45.1% of the patients enrolled received alkylating agent-based regimens other than the purine analogue, since they are relative affordable in developing countries compared to rituximab. Four CRs and three PRs were recorded among the eight patients who received FCR, and the ORR was 100% among patients treated with R-HDMP or alemtuzumab. Regarding the clone size of 17p-, the ORR and TTP were inferior in patients with high percentage 17p-compared with low percentage 17p-, which calls for a new therapeutic strategy for treatment of this aggressive disease, especially for those with high percentage 17p-.
Except for the general aggressiveness of the clinical course of patients harboring 17p-, there remains heterogeneity within the subgroup. In the present study, Binet stage A patients with 17p-and mutated IGHV have a relative favorable outcome, which is in consistent with another study (36) , indicating the necessity to take different therapeutic strategies depending on the disease status. Further, LDH, one of the most common serum markers, acted as an independent predictor for PFS according to the multivariate analyses, with a median PFS of only two years in patients with both 17p-and a high level of LDH, which was not surprising given that the prognostic value of LDH was reported in many other studies (37) . However, its additional significance in 17p-CLL patients is to our knowledge reported here for the first time. Nevertheless, these findings are based on a single-centre retrospective study and the predictive effect was not evaluated. Further studies with relatively larger numbers of patients and longer follow-up periods should be undertaken to confirm our preliminary results.
As a limitation of our study, TP53-mutation detection was not commonly available within this cohort, which was reported to act as a driver of mutation and result in a poor survival for patients with CLL even as a small subclone (38).
Conclusions
Patients positive for a 17p-experience an aggressive clinical course, yet are still heterogeneous. In addition, we agree that the FISH approach should be conducted in all treatment-naive patients. It is necessary to further refine the treatment for patients carrying this aberration, and clinical trials should be taken into consideration when treating this subgroup of patients. 
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